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a §-«o) sHg lAI §«(HI (Il-sg ?Hg saI iH^S I»y Si Sh^ imS. Mm^hOl IH 

Lfl ^Al- 3*51:^ mi ?llO|Mi3HS Ol^OiS ^'■^ 7110|M-!5 W ?1IOIM<aOfl iSSfeFOI 

S-^ DIOIHilOl ^Saa, SF¥ IliytHI^ SI12 THOIJEi!^ OI^OlAl^ ?110tM 
i! §^21- X-II2 7flO|Mi!3f ilSI-SI-EH aiO|El<M3|. gE|EI^ i:ilO|Bl<201 SSSO-. 

'^'■^ IH^ a SF¥ IHy^l >ilO|M£! M^SI TIlOIMdOII ?Ai- 

ilS§ §! ?II01M qig^:-!- QFaiSa. OIIIH, 5J 5h¥ XOIM k\ 
S ei-CH Stf°M ?DOIMi!(HI ?Ah iisS ^Kh^^S °I7|-tJ-Q. 

□lait!- ^§ iAI SxlOtl [Q-sg, leyej 3?1I^M2] *|£ S&^M *^Jm 4= SiQ. 

£1= ^2! S-^S Olgt.1- 5AI S-xlg UERH^ SSOID. 

£2^ #EH EAI S^:I21 IhgOII 2iOIA-l£J iis Kh^g UEFLH^ ESOID. 

£3= S ^"-3^ ^'AIOIKHI [D-# SAI §-7l# UERHS SSOID. 

E4a SI £4b^ !±7\ mm ii^l is aisou s^lSl-Ol 2>-3,'- =a°iOil Sig^EI^ aiOIElSl EHDI^ 

m UEFLH^ E30ia. 

£5^ H ^-S2| Sill ^AlifllOII [D-a SAI §S1 aSHl r^-EHSl- ^AF a>tfM UEHH^ E30ICK 

^ ^"-SSl nil ^AJOIKHl LD-^ ais^j nj^s UEHH^ S3Gia. 
£7s s a-goj S112 ^'AlOIKHl CD-S SAI §*1 1^21 =g $|-EH2h ^Ah a^fg UEHH^ ESOIQ, 

a «^™oj ^AlOIKHl CUg iM^sj n-^g UEK.H= SaOIQ. 

£9a i! ££b^ m U}m S ^114 ^AlWlOil CD-^ e!j§ 5A] Sxl IBySl S-EH2f ?AI- g*fS 
Ll-ERH^ EEOID. 
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Si^DI. OIEI*^ ma (cathode ray tube: CRT) CHd 5Hg 5A| SSI (liquid crystal 

display: LCD)£F 13 IBy^ a^maiOIIJh 7H^^I2 2tCK 

LCO^ ^ -^15 MOIDfl ?aa01 Si^ Oli^S ^^mm I^'M (electric f leld)# °\-?\t\ 

MajTil^EKthin film transistor; TR)M ±Ji^ Olgt!" TR-LCOIJh ?g OlgEIH 2iQ. 

Oiati- LCDMAI s,"- tl-4:(HI t^&'■ DiiOIEiM °J7h§l^ S-SS [ihS]^ g-Q. 

STJi TflOIEdMOII ^7PJ°S ^Ah dS£! mm S dsM °!:'l*l-01 Ql JilOIMdOfl 31S! ri?ti! i 

§%alrJ" ^ Aiifel'^g a^^^gfe^w al°^/6o^^ BifesioTsSfuisof 3-°?^ (SiS"2i This 

£1^ OI£h gJ-i^S 0|g*i- lEAl gSIS U&LHS E^OIQ. 

SIOII £Alt^ HI-aF g-QI. i?H g-^£| S!|g SAI §SiS lAI SSI IHH(IO), 4,^^ S! □ 
□I El ^§^(21, 22)£h S! TIIOIM ^§¥(31, 32)M Ol^OISa. 

CI, C2 Cn)0l SSaOi Sia. TIlOlMdai- QIOIEIdWI Sltll S^S M± 

S. 01^013 i! Sh^ TIIOIMA! S^HS MEI=!Q. TIIOIMd ^^sj 7i|01 

02,.. 6m;i0li CHsSfe Sl-^CHI SSS Oil 01 Eld (D1 j D2 Dn)]lf rj-i^ ?fl0|Md mm^ ?ilO|M 




21 -^4™sfk™ll^adtD?)]f aofE]d(ciS2h siaoi 

s! TiioiEAi MS LH21 a SJJH ?iioiMd¥Ei ^7tg°s °i7ma. 

■^'^ %i mm ^g¥(2i, 22)s iai s-ji iHysj si sh^wi ^saoi, s^^!: ^^i-^ 

□IO|Eid(DL D2 Dn) C|0|E1d(Cn C2 Cn)Oil Sl-^'- dSg LieH-H= dgTS 21 

oiat!- °-t!s sAi §-xi£i §5>s cF^ai- a-Q. 

S 1^ lie ^Sl^FS liej gEFAlTD [&EfAI, S!t&2\ IA| §-x|01l iEAj 

El 711 thCK 

0|2h g-OI i?H g-^^ 2!!§ SAI gSIOll £Jo|-S >||OIM S dS-QI fe^^ S Sh^ ?llO|Ed M^^l 
.-2g^<yjJj,J'*i^^2i:?E17l msm 7\^2i ?l!g iAI &SI(HI di^ll TtlOlM g AIZM ^HH5.^g SfS^^ 4^ 
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. ^2000-005^11 
S^Qfl^ OloKHIAI ^SSf^ am as SmgOl ^-t"E}-a. -^n-noh- 
°}7m ^32f2J m^S S20fl £Alt? Hh2f g-Q. - 1-1- ^ = ^ ^-^ ^^uii 




^. E2£J (A)Oil EAIti- UI-21- mO\ S SSB D|OIEl>!!(DI)0il S# SS-Qfl CH*!" ^gG| ^:?|5!'og ansg 
ggEI^ 7FS5h2g), MM n± 3Sr(Va)^ ESI (B)Oil SA|*^ dF£F ^oTi 

(.-) ^^£1 7115 SS-OI ai01E1A!(HI S3E|^ g^OU^ aVSI^ ^#30^ ^^fsj sfcH^o|'^£^| 

stj-. s aioiEid(ci)()i!^ aioiEiAt(ci)(Hi ns. ss-Hi ^saF =-«g, % 

Al^ 7)15 SS^OI S==1CK 01^ EIWI EAl*!- Um ^01 TilOlli! M-ilj- k^TllOlE^ M 

S am ?1I01M£!¥E1 ?ACT A|5!-£101, E*> ^l^'" ^' TIlOIMi! M^S] a tuffl TflOi'e^ 




gTtiswi ^ g-i tssj si-ion^ aioiEii^oii s^ei= ss-oi ais bhih 2*f 
s Dixi:?! iiiisoiL ^sii tF5(Hi ei:'has sgj-^h ss 32i-£i e2ej (B) ^> (d)chi 313°^ uip^ 
am ^01 >dM aMTfl eiq. [[^E^Al, 3711 ^msi m^M 2i= mmm^my^ '^^£^si nooy 
Im^Afsii^iBSof If ^^^^ °* naB3F lysi gjii ^^on go., ^ 

S ^-gOI 01^1173- tl^ 012J- g-s gsigs SlllSh:?! a£.SA1 lEAl SSfi SWSI- 

TflOIMilOil ^AFAlHM g°Oil 10^21 ?Ah &if]irs|-^ ?A° S^ftf «^ 

CHS tl-El:. 01^711 t^^SASj my §7)1 ^MOllAIEJ *|S2| a^AltiCK 
s ^^321 thUSJ Mgoii [Q-s OHg xtji^ 

^AhdSS S^Sfe Q^^SJ Xfll TilOIMi! S; a^EJ ai2 TOOIM^^lHg OI^OIS ail S SI2 71101 
dsM S^SKD ^^7! 7311 TllOIMi! M^2| 7fl0|Md2l- iimi^ a4=£] X|1 OlOIEi^l^; 
m 0101E1{:3Sf MEIEID). S1I2 THOIEai «soj 7(|0|E,32f iSxFuhS a^°r3gi2 aiOlEi-^;^^ 
TllOIMi! Si OlOIE-iitOfl 2J5I1 SEW°! g^Oil S^EIO) tSl ^EHS HHlElCfl 71|G|eai o, 

mOIQAjOll S^EIOI :i:i^lg 57^M a^2| a-5M 5t^E^Q CM:'IAl7^^7r^1 TUoFe^S- 

^--^l 7312 7110IM>!!= AIS Sj-cHS ^Aj-Sa. 'm- c= i u i_^j4- 

0IUI1, 6^71 Jill 7flO|Md2F ^^:?| ?3I2 7ijQ|EA!£j jjqi hUT^-SI-DI: m 7fl0|E^ 

S! 7312 71I0IEAIS gAlOl ?AFa^ SOI H^g5!&^D. ^ = i i-^ 

ti-e. B ^"-gHl sgcHl m-S SAl, S-xl^ 

7|-Slft^£S ^^E! Sill TflOIMd^LS 01^013 III 7ilO|EA! av;,] .qi- jflaje^ gso, 
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/ j 

OI^HOfl ^-SHD) Q4?21 HI2 ?ijO|Mi!2:S OI^CMAI^ m TilOIE./^ M^, ^f^:! m JflOlMd 

Ql — ■■ — - 

UEHH: 

SiSM AIS SJtH ilSM 'SlJyt^^ M\ 5! H12 JflOlM a^S^Ei'sj- 

a^'^^oF *L7\ mm iisofl s:'i§H3i 4^71 i-iii QioiEidOil °!7ra^ tf^ Aiag imtm n 
7|s§^j2 o{:7i e« iisiHi §7ieFoi ^i^g t^Ai. ai^m ^^i .12 aioia ^m^^ m^^v= m =as 

017IA1, 

fei-Pl S11 ?IIOIM ^S^^ 4!-71 Jill TllOIMi! M52I Um'^ ?flOiM£!(HIA| *1 aaB JHOISi!! ? 

AI-iJsM ?liO|EdOfl -fe'-^l HI2 ?ilO|M 7ilOim<3 M^o, 5, gi 

IH 71IOIMi30flA| □|-Xi5>- 71iO|E<5 m^S.^ ^AFiiSia TilDIMi^CHl SJ^I-M =^ "^iD. 01 3^ 

^i-^i sjji iais QiiaEis ^i-Pi All Qiioiadw ej^Ftis tHa- i^se ^i^ti-^ ^aisi- uh:h£J sais 7i 
{^±m SIM Diloia ^^una. ai2 ^ais msei^ &i-7i hi2 cioiEidOfl 

a*]-, S-?! Sill >||0|M Sfll ?1101Md gsoj 5j ?1]0| EAjOfl/'d OI-XjH,'- ?110|E/^ H^ef 

S.^ ^AldsS TilOIMdOll Sfl2 7)10!^ Aj-ji -^^ TflOied g^Sj 

OCTB]- ?110|MdOIIAi S HSU JHOIMd If^fSiS ^Aj-dSM ?llO|MdOfl ^Sj-sioe oi?!-'^'- ^ SIEK D| 

§^ Sin sais mieEi^ ^"-^i mi QioiEidoii sh^'-dsg jmt\^ ^A|£^g■^ ^^ais 

Pi^a Sl^"- dSM ^71 X-lll X-ilOIEl qig^S M^SHS. set Sil2 D112E1^ m LIOrEldM 

e!7FEl^ dSrS 71^51^ ^Ai2|- S.M:H^ ^AIS J\m^ dSS ^'•71 SI2 QI0IE1 qig^S ^ 

tJ-E, B ^"S^J sgoii [Q-g oHg j^^^i g-7:|2] qi§ gt-gg 

7ei!^j=^s ^^s! n^sx 311 TiioiMd^s Di^cHS sn TiioiMd mm, m nom^ mm^ 

□l-EHOfl S'SEim a|2 TflOIMdJ^S Dj^OlJj^ Sj2 THOjEAi j^ii TjioiEAt gs 

SX M\ ?1|0|EA!2|. A}.;;,! t]|2 ?i|0|EAi gsoj ji||2 ?liOIMA!21- iil7:|5l-ffl AiS MEIHCH Q4^2J 31 
§! as OlOIEidM iU^I-^ 5!J§ SAI S-XIHJ g-g^MAi 

Z^SI- AC7I H11 ?iiO|Md mm^ l\U TllOIMdSI- a-71 ?iil2 TIIOIMd M^£J Si|2 TilOIMdOJ AiS UhQl ^ 
tfSS ^Af dSB ^WSiog 017^51.^ g-Tfl; Tv-pv Ah;.| s|| , gi t||2 CiiQlEldWI ^ dSg UEHH^ 
?lli Sg^S SSt.'-:2SAtl S-71 ^AF dS7|- SsEi^ fe^7| JjjOIMd SSEIOi m±m 4^71 7115 3 

srg e!7ptF^ 9711 # 2Etiti-a. 

□17IA1, ■£{■71 mi TliOIEAt gsQi oi-xiEj- ?l|0ISd(HIA1 S 31111 ?ll01Md ^S.S. ^AhA!27|- ^SRo 
S °I7F£|I1 6'-71 Sii2 .lOlMd gss 51 gju ?l|Oi E-^OflAi WAie}- 7110|Md Stf^S ^A|-dS7h ^Sf 
2171-El^ a^gg 

i|^S¥E1 £j5sE|^ s^A^ AI3; g Aj-:)| tiioiEjAioil oj7i^ g^h Ai^g Jill 5311! DliaEIOil J\mo\ 

^ B?ii; a^s^Ei aqei^ m-s ds g -^^71 sii2 cuoiEidCHi 'siym ds# 12 ^aig! missi 
CHI 7is§i^ sin ^ai3 tHiaaoii 7i^a ^Ai£h sj-chsi :y-7i ti^'- dSM 4'^7i soi 

aiOIEId^M g^SI^ 3711; S||2 =aiS D1I2B|(H1 7\m^ iAI2h ^AIS fe'-71 dsM ^ 
71 12 aiOlE-ld^S m^tVE: B?llg □ 5tJ*j-a. 

fe'-7| 311 TIlOiMd mmn\ 51 aSII TllOIMdOIIAI Ol-Xiei- THOIMd uttfo^ ^k\-ti^J\ sxi-siss 
OI7I-EII1 ^'•71 I-I12 TllOISd M^Dl QI-AiBi- TilOlMdCHlAI S eiffiB >ll01Md ^A|-d27^ ^7^5| 

°S °i7Ei^ 3^, 4^71 ^'■Sg 

ai^si^Ei s^g^ sFiS- ds s &'-7i mi ciioiEidQii e!7i§ m-s dSM siii ^ais mieEKHi J\mt\ 

^ B?i; 2l¥S^E1 a^El= t\-S dS S ^'•71 Sil2 aiOIEidlHl e!7|-^ d^M 312 =ais miSEl 

wi 7i§e|.^ eTii; ^'■71 311 =ais miasioii 7|se! ^ai^ 4'-7i tny-dss ^'■71 311 ai 

0|E1d2.S M^Sfe BTilJ ^'-71 312 =aiS DHaEKHl 71^^ ^,^21- Si-CH^ -aIS &'-71 dsg 
71 312 QilOIEId^iS g^5l^ BTlim □ 5*!tJ-Cl-. 

oi§i-oiiAi^ agg g-^sra b m^oj ^aiwis fe^A-iisi-Tii ^s*!-d. 

£3° a ^egs) ^AlOllOli [Q-M ?qg SAl gSlg U-EH-H^ asOlCl-. 

aami aAiti- Hh£i- ^ol h ^^ssj ^aiohchi [o# iai s-xt^ ■^is iai §s iiycioo), a 

tl-^ DIOlEl ^=^(210, 220), g! Sh^ 7I1Q1E qi=^(310, 320), S"^ S! 5|-^ SaiS OiiaEie 
OI^CHd SaiSj [}iiaEI(400)£|- Ei-019 31Qi7l(500)g iHtJtK 

5!J§ lAI §xl 18^(100)011=^ TilOiE S dSg 3gSt7l ^'i*!- 2mM9X >il01Ed(61, 02, Sm, Sm+1 , 
Q2iD)OI S-SaCH °io:D), dsg UEi-LH^ ?1I5 dgJ-S S§§l-71 QlOIEtdCDI, 02, DW; 
CI.. C2 CN)01 S^gElOl SiEJ-. JilOIMdS- C|0|Eld(Hl ^58 MEIAifej g^s 2i-2i- Ql^Dt, 
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e>- EaH?;:i^H(iio)2h a^°^ £3173^^(110)2] ESJe! 2^011 313^ m± 2^(120)2F go^oi °! 
IJhEl^ 2^(£A|SWI 2^m)S 5t}*fa. 0\y\M, 2m:^2) 7flOIMd= 2,'-2>- niTHHI TtlOIEAi (61, 

(2,.. 61a), (6ffl+1 Q2in)°S Ol^Oia S! Sh^ ?ilO|M2 M52:S SaSIQ. TtlOl 

E2 M^2| ?110IMd(6L 62,.. 6ra)(Hl CHStF^ sFrMHl 313 ^¥ GflOIBiKDI, 02 Dtl^Sf Sh^ 

TIIOIMd gsoj .7flQ|EA!(Bm+i 62in)0il CHsSfS SF^WI 313 CllOI&ld(C1, C2, . . .,CN)^ 

MS. MEiaCH SiP-. S ^AIMIOfl [Q-g 5A| ley^ IHa(140) S 

IH^fJ50)e OI^CHSEIl-. Cfl7|Al, 1^(140)^ ?110IM2 ^"-^ OlOIEiaCDI, 02 

ON)S Sii^FDl, my (150)^ Sh^ 7110IM2 M^IF MOIEi^CCI. C2, .,.,CN)S 5tl*^D. 

■^'^ S SF^ ?110|E :7=^(210, 220)e ^"-^ S! oh^ 7110|M<3 M^OII SIEICH 7ilO|M<3- M 
TflOIM^tQll TflOlM ^ go^g oi:j|.^i.q. qiOH, B ^§2] ^AlDIIOIl [U^MS S S|-^ 

m\E. :?^^(310, 320)^ XiS. SfCHSJ ^A|- 2|- ?II0IM2(HI TflOlM g SSTM ^Sf^j^iS yC'F 

tia. ^. MiacH ?flois =?^4(.3\o)j[ s-^ tiioim^ 7iioiM2(6i)¥a rngsa ?iioie 

2 (6111) g^THS ^DilA) OI^H Stf£.^ ?ilO|e s. ggj-g ^yjajo^ ^§ol~. g^Oil^ th^ mm 

^§^(320)^ 7floiM2 mm^ om^ nom&{^)^E\ s aaa ?iiois2(Bra+i) gtf^ ^> of 

§^(HI^ Sh¥ ?I10IM qi§^(320)S OFEH S*F£S TilOlM & SSTS ?flO|M201l 3?FSt-D. 

^•■^ s si-^ aioia ^W¥(2ia 220)^ ^i-^i- sai s-xi 1^21 s-^ a ty^m ^ga'oi, ^i-sv .g- 

¥ 5! iaOS! IHia£l(410, 420)011 S^EIOI 0101612(01, 02, Dn) ^ ti^ 

aiOIE12(C1, C2 Cn)011 a^-- d3:M UEHH^ 711 i dSTfi 3:'t-?J-a. 

EhOia ^10171(500)^ £|^S^E1 thyHilOIEI 22(0ATA), l}1l3S^(MCLK),^g =71 dsfHsync), 
§71 23:CVsync)M gJ^gjOl Ifi*!" EfOO 2S§ iSIIS [HiaE!(400), S ol^ JHOIM qig 
¥(310, 320), S! QIOIEH ^^^f ¥(210, 220)011 S^tta. 

^i-^ S I}11SE1(410, 420)^ EHDIU 731C)17|(500)S¥E1 SSEI^ ^71 mm 25:(i!)CLK) 

£F 6^7! B^22(WCLK)2J ^m-^^SI l/2oj 1171 mm 22(RCLK)011 =7|S|-01 LflOIEl =?m^ SI 

5l-¥ LilD|E1^§¥(210, 220)011 371-^ Sl-^- QIDIEI 2SS il^El-. 

Haa, B m'S^ Sll ^AIODOII EO-S IAI S-xIHI ^StJ-D. £4a S £4^ ii71 

fiS(iijcLK)21- 1171 g«(RCLK; RCLK=rcLK/2))01l =715101 iSlliJ DllHEiOll L-I101E171- SqgH m^ 
Ei^ DiiOIEIHl ElOISfi UEHHb ESOIEF. 

3H, £I¥S¥EI thS- DI0IE1 22:(DATA), [H13 g«(MCLK), =aiS =71 2S3 4=2! §71 
22:(Vsync), St°im. ^Ah E|-oi)£l §71 223 4=S §71 25:(Hsync)71- Emm Iil0171 (500)S 

gJ^SEI-, 

^enu miaEi^ a4aoii ^xm ui-sj-eoi Ei-oia Jiioi7i(5oo)S¥Ei mm5.\^ it7\ s^(wclk)oii §7i§i- 
01 DiioiEiM ymtiot. ^. a ssii si-^ tscHi 37n shs- aoiEi(di)¥Ei nm^ mm 

2S(fJCLK)011 §7lo|-01 ifei-^ iaiS IHiaEl(410)(HI 71^eic1-. OIUH, &^ =£11S I}liaEl(41Q)0||^ S S 
III 51-^ tSOllAI^EI i&m il-^ tgOll 37H ^, 71101M2 M^SI 7110IM2011 CHgEI^ Slrfc SOU 
37H HIOIEKdl, d2 dIn)7^ 7\m^Q. o|-¥ TiiOIMd M^£J S SBI 71IO|M2(6nH-1)(HI CHg 

a-:i mm 2iy\m ths- aioiEi(iin+i)¥Ei 3 oi*£i si^^ amiEiCdnn-E d2ra)fe i^7\ m 

m 22(wcLK)oii m7\tm ^.aigj iiiiaEi(420)oii y\m^a. 

-S-71£h a-QI i! Ul-¥ iaiS IHaE1(410, 420)011 ^ tl-it tSOll 371^ tl-Q- ai01E171- a^ 7tsg 

3, a4b(ni aAiti" aoi ii7i mm 22:(Rclk)oii S7Iuioi aioia a= sf¥ tiioim ^ 

§¥(210, 220)S SH^'- □0IEt71- 2^=!a. OIIU, S ^-SSJ Tilll 4'A1011011 QlOIEI 
^§¥(210)011 2^a= SHS- aiOIEI^ SaiS oil aEl (41 0)011 7|sg^ ^A1£fe eLUjg s dm, 

dm-1, dm-2 d2, d1°| ^AIS 2*311, §1¥ CIlOIEl ;;i§¥(220)01i 2*3^ OIOIEIS m¥ = 

aiS ffliaEK420)0ll 7I§E|^ ^km SAIS 2*SQ-. CKFAI, B^^'gSJ ^AIOIIOII n}E ias 
DliaEIS^ 7I^E|^ ^Aiai-^ ei-Q|£l ^AIS 01 aai'^ (address ing)01 71^th [HiaE1# Ah§«aO|: tlCK 

Ai-^ ^ th¥ aOIEI ^§¥(210, 220)011 gs(HCLK)01l §7ia01 2*S EllOlEi Si-^."- D1§m 

^ 7115 221^ Hl-a EH3I9 10171 (500)S¥E1 #^3^ Sa(LOAD) dSOII [EI-EF &^ 
IH101E12(D1, 02 ON) S! Sl-¥ □I0|E-12(C1, C2 CN)011 EI-3 39|S 37Fi!EK 

-^i-¥ S! Sl-¥ THOIM ^§¥(310, 320)^ El-Olij 10171 (500)S¥E1 #^aS Al?^ 2S(STV)£|- THOIM 
as(cpu)f}|l §7iaD1 7110IM 7110IM2 M§°1 71I01M211 §h¥ 7IIDIM2 M§°1 7110IM201I ^AF 
2S3 ?tlOIM S 2S-# §A101I 37htJ-D. Dlffll, B m^Si UAmm CD-sg ^j.^ ;jj|[)|s 
^§¥(310)^ ?i|0|EA! gsoi o^Tijov 71101 EA!(6ni)^Ei S 71I0IS2(61 )H1 ^AiS ^, G|-EH 
OllAi ^1 a^tfHS 71I01E 2 2S-fi ^SI^2.M 37FSHI, S|-¥ ?110IM :?§¥(320)S- &f¥ 71101^2 M 
§21 a SSH 7flOIM2(ani+l)¥El QlXiei 7110|M2(62ffl)21 ^AIS ^, ?101IA1 0131 TliOlM S 

2SrS ^SRog o!71*i-a. 

Z1E13, 7II0IM £ 2S-0I 37FS 71101E201I 3ia eajxi^^Ei^ SSaffl, 01011 [0-El- QlOlEldOll 

sss 7115 2S}-oi ei-gv eaHT^ >iEiw mm thi 2^011 2eaoi m&o\ 5,\ig?ii sd. 

0121- a °>-«2) 011011 [Qsg, OISI-OIIAI ^SSfe tim SOI aM ffl-2 a= El-3 &B2^ "-!}§ 
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(54) Liquid Crystal Display Device and Its Driving Method 

Abstract 

According to a liquid crystal display device of the present invention, a liquid crystal display panel 
is divided into an upper panel and a lower panel and the scanning direction of the upper panel is 
formed to be opposite to that of the lower panel. On the upper panel are formed a first gate line 
block including a. first gate line which is formed in a horizontal direction for transmitting scanning 
signals, and a upper data line which is formed to intersect the first gate line for transmitting image 
signals, and 6n the lower panel are formed a lower gate line block including a second gate line and 
a lower data line which intersects the second gate line and is separated fi^om the upper data line. 

The upper panel and the lower panel are equipped with a upper gate driving part and a lower 
driving part, respectively, for applying scanning signals to the upper gate line block and the lower 
gate line block. At this time, the upper gate driving part and the lower driving part apply scanning 
signals to the gate lines Ln the opposite directions each other. 

According to the liquid crystal display device, it is possible to prevent a phenomenon of luminance 
non-uniformity in the boundary of a panel. 

Representative Drawing 

FIG. 3 
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specification 



Brief Description of the Drawings 

FIG. 1 is a view showing a liquid crystal display device using a dual scan method. 

FIG. 2 is a view showing the wave of a signal in a method for driving a conventional Uquid crystal 
display device. 

FIG. 3 is a view showing a hquid crystal display device according to an embodiment of the present 
invention. 

FIG. 4(a) and FIG. 4(b) are views showing a timing of a data which inputs/outputs to/from a frame 
by s5aichronizing with a write clock signal and a read clock signal. 

FIG. 5 is a view shovmig a polarity status and scanning direction of a hquid crystal display device 
according to the first embodiment of the present invention. 

FIG. 6 is a view showing the wave of a signal according to the first embodiment of the present 
invention. 

FIG. 7 is a view showing a polarity status and scanning direction of a liquid crystal display device 
according to the second embodiment of the present invention. 

FIG. 8 is a view showing the wave of a signal according to the second embodiment of the present 
invention. 

FIG. 9(a) and FIG. 9(b) are views showing a polarity status and scanning direction of a liquid 
crystal display device according to the third and the fourth embodiments of the present invention, 
respectively. 

Detailed Description of the Invention 
Purpose of the Invention 

Technology to which the invention belongs and the prior art of the fields 

The present invention relates to a liquid crystal display device and a method for driving the LCD, 
more particularly, to a liquid crystal display device where a display is divided into upper and lower 
displays and a method for driving the LCD. 

Recently, in accordance with a tendency of a request for light-weight and thin filmed portable 
computer or television, a hght-weight and thin fihn display device is also strongly required. In 
accordance with the recent reqeust, a flat panel-type display such as a liquid crystal display (LCD) 
instead of cathod ray tube (CRT) has been developed. 

LCD is a display device for obtaining an image signal by applying an electric field to a liquid 
material having an anisotropic dielectric constant which is injected between two substrates, 
adjusting the intensity of the electric field and thereby adjusting the magnitude of light transmitting 
into the substrate. The LCD is a representative LCD of handheld flat panel display devices, and 
speicailly, a TFT-LCD where a thin film transistor (TFT) is used as a swdtching device is the most 
used. 
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In general, an LCD includes a plurality of gate lines for transmitting signal lines, a data line which 
intersects the gate line and transmits an image data, and a pluraUty of pixels which are formed in a 
region surrounded by the gate lines and a data line and are connected with the gate line and the data 
line by a switching device in the form of a matrix. 

A method for applying an image data to each pixel in an LCD is as follows. 

First, a gate-on signal or a scanning signal is apphed to the gate lines, sequentially, the switching 
device connected to the gate line is turned on, sequentially, and the image signals (more concretely, 
a multilevel voltage) to be applied to a pixel row which corresponds to the gate line at the same 
time. Then, the image signal provided to the data line is applied to each pixel by the tum-on 
switching device. At this time, gate-on signals are applied to all the gate lines sequentially for a 
frame period and image signals are applied to all the pixel rows, and an image of a frame is 
displayed, finally. 

hi the meantime, the resolution of a hquid crystal display device has been recently improved, the 
increase of the number of gate lines are required but the time for scanning a frame is limited to for 
example, 1/60 seconds. Accordingly, the time interval of gate-on signals for applying to each gate 
line is decreased. Therefore, there is a problem that an image quality is decreased because an 
adequate image signal (multilevel voltage) is not applied by a switching device is not applied. 

Accordingly, in order to obtain the adequate gate-on time, a method for driving a liquid crystal 
display by dividing a display into an upper display and a lower display (a.k.a 'dual scan method') is 
suggested. 

Fig. 1 is a view showing a liquid crystal display device using a dual scan method such as the above. 

As shown in Fig. 1, a device for hquid crystal display device of a dual scan method includes a Hquid 
crystal display device panel (10), an upper and a lower data driving part (21, 22) and ah upper and 
a lower gate driving part (31, 32). 

In the liquid crystal display panel (10) are formed 2m gate lines (Gl, G2, Cm, ... G2m) for 
transmitting gate on signals, and data lines (Dl, D2, ... Dn; CI, C2 ... Cn) for transmitting 
multilevel voltages showing image signals. The region surroimded by the gate line and the data line 
consistutes each pixel, and the pixel includes a thin film transistor (12) where the gate electrode 
and the source electrode are connected to the gate line and the data line, respectively, a pixel 
electrode (14) which is connected to a drain electrode of the thin film transistor (12), and a 
common electrode to which a common voltage is apphed (not shown). Here, 2m gate lines are 
divided into an upper gate hne block with m gate lines (Gl, G2, ... Gm) and a lower gate line 
block, with m gate lines (Gm+1, Gm+2, ... G2m), respectively. In addition, the data hnes (Dl, D2, 
... Dn) which are connected to the gate lines (Gl, G2, ... Gm) in the upper gate block are separated 
from the data lines (CI, C2, ... Cn) which are connected to the gate lines (Gm+1, Gm+2, ... Gm) 
in the lower gate line block, each other For example, the upper pixel in the first row is connected to 
the data line (Dl) and the lower pixel in the first row is connected to the data line (CI). 

The upper and the lower gate driving parts (3 1, 32) are connected to the upper and the lower gate 
line blocks, respectively and gate-on voltages are apphed to the upper and the lower gate line 
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blocks, sequentially. At this time, the gate-on voltages are apphed to the first gate line in the upper 
and the lower gate line blocks, sequentially. 

The upper and the lower data driving parts (21, 22) are formed in the upper and the lower portion 
of the liquid crystal display device panel, respectively, and multilevel voltages showing image 
signals are appUed to the upper data lines (Dl, D2, ... Dn), and the lower data lines (CI, C2, ... 
Cn). 

The above-mentioned liquid crystal display device is operated as follows. 

First, gate-on signals are provided to the first gate line of the upper and the lower gate hne blocks 
fi-om the first gate line, sequentially, and multilevel voltages showing image signals are apphed to 
the upper and the lower data line. Then, the thin film transistor (12) is turned on by the gate-on 
signals and the multilevel voltages provided to the data line are applied to a pixel data by the turn- 
on thin fihn transistor. Then, an electric field which occurs fi"om the difference between the voltage 
applied to a pixel electrode (refered to as a pixel voltage) and a common voltage applied to the 
common electrode is applied to a liquid material. At this time, the liquid material has a different 
distortion according to the magnitude of an electric field (the magnitude of an electric field changes 
depending on the magnitude of the multilevel voltages), so the magnitude of the Ught which 
transmits the liquid material becomes different. Therefore, a desirous image is displayed on the 
hquid crystal display device. 

Like this, according to a liquid crystal display device of dual scan method as shown above, a gate- 
on voltage is apphed to the gate lines of the upper and the lower gate line block simultaneously. 
Therefore, it is possible to obtain double of gate on time comparing to the existing liquid crystal 
display device. 

In the meantime, since the hquid material is deteriorated when an electric field of one direction 
keeps being apphed to the liquid crystal material, it is required to repeat polarity of the multilevel 
voltages to the common voltage in order to drive the device. This driving method is called a reverse 
driving method. 

A reverse driving method includes a frame reverse where a polarity is reversed in the imit of a 
fi-ame, a Une reverse where a polarity is reversed in the imit of a line, and a dot reverse where a 
polarity is reversed in the unit of a pixel. Of these methods, a line reverse or a dot reverse is the 
most used. 

However, a driving method where a line reverse or a dot reverse is adapted in a hquid crystal 
display device with a conventioucil dual scan method has the problems as follows. 

In Fig.l, a dot reverse is driven as marked with (+) or (-). Here, (+) means that the polarity of a 
pixel voltage to the common voltage is positive and (-) means that the polarity of a pixel voltage to 
the common voltage is negative. 

At this time, the waveform of the voltages applied to the pixel electrde of the two pixels which are 
adjacent to the interface in a first pixel row, in other words, the voltage appUed to the pixel 
electiode which is electrically connected to the last gate line (Gn) and the first data line (Dl) of the 
upper gate line block, and the voltage applied to the pixel electiode which is electrically connected 
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to the first gate line (Gm+1) and the first data line (CI) of the lower gate line block is shown in 
Fig.2. 

As shown in Fig.2 (A), in an ideal case, a voltage Vdu lower than the common voltage (Vcom) is 
applied to a pixel electrode in the first pixel row which is connected to the last gate line (Gn) of the 
upper gate line block for 1 firame. However, in a real liquid crystal display device, a pixel voltage 
apphed to a real pixel electrode is influenced by the voltage applied to a data line due to a parasite 
capacitor occuring between a pixel electrode and a data line. 

In other words, as shown in Fig.2 (A), multilevel voltages of which polaity to the common voltage 
is periodically changed are apphed to the first data line (Dl) (it is assumed that a multilevel voltage 
which is symmetrical to the common voltage is provided in Fig.2 for better understanding), so the 
real voltage (Va) applied to a pixel electrode is shown in Fig.2 (B). 

More concretely, as shown in Fig.2 (A) and (B), if a pixel voltage (Vpu) having a (-) polarity is 
appUed and a multilevel votage having a (+) polarity is provided to a data line, the real pixel 
voltage (Va) is drawn toward the common voltage by AV comparing to the ideal case (Vpu), due to 
the influence of the parasite capacity. Contrary to this, if a multilevel voltage having a (-) polarity is 
applied to a data line the pixel voltage is drawn toward the opposite to the common voltage. 

In the meantime, as shown in Fig.2 (C), in an ideal case, a voltage Vpd higher than the common 
voltage (Vcom) is applied to a pixel electrode in the first pixel row which is connected to the first 
gate line (Gm+1) of the lower gate line block for I firame. In addition, a multilevel voltage having 
the same polarity as the multilevel voltage applied to the data line (CI) is appUed to the first data 
Une (CI). This is because scanning starts at the first gate line of the upper gate line block and the 
lower gate line block, respectively as shown in Fig.l, and the polarity of a pixel voltage connected 
to the first gate line of the upper gate line block is the same as that of the lower gate line block. 

Accordingly, the voltage applied to a real pixel electrode has a waveform shown in Fig.2 (D) due to 
the influence of a parasite capacitor. In other words, as shown in Fig.2 (C) and (D), if a pixel 
voltage (Vpd) having a (+) polarity is applied and a multilevel votage having a (+) polarity is 
provided to a data line, the real pixel voltage (Vb) is drawn toward the opposite to the common 
voltage by AV comparing to the ideal case (Vpd), due to the influence of the parasite capacity. 
Contrary to this, if a multilevel voltage having a (-) polarity is appUed to a data line, the pixel 
voltage is drawn toward the common voltage by AV. 

In conclusion, the voltage provided to the data line influences the pixels in two pixel rows in the 
boundary in the opposite directions. Accordingly, the difference of the real voltage which is applied 
to a pixel and the common voltage is shown in the cherkered region in the Figs. 2 (B) and (D). 
Therefore, the marked difference of the intensity of a light transmitting the liquid crystal material in 
the pixel in the boundary results in a luminance non-uniformity, therefore, the lined patterns are 
marked in the boundary of the upper panel and the lower panel. 

Technical objects to be achieved in the invention 

In order to overcome the above problems, a technical object of the present invention is to prevent 
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the phenomenon of luminance non-unifonnity in the boundary in driving a display. 

Configuration and operation of the Invention 

In order to accomplish the above objects, it is possible to prevent a luminance non-uniformity in 
the boimdary by dividing a Uquid crystal display panel into a upper display panel and a lower 
display panel and making the scanning directions of the upper and the lower panels being opposite 
each other. 

A liquid crystal display device according to one feature of the present invention comprises: 

a first and a second gate line blocks including a plurality of first gate lines and a plurahty of second 
gate lines for transmitting scanning signals, respectively; a plurality of first data lines which 
intersect the gate lines of the first gate line block for transmitting image signals; a plurality of 
second data lines which are separated from the first data line and intersect the gate lines of the 
second gate line block; and a plurality of pixels which are formed in a region surrounded by the 
gate lines and data lines and arranged in the form of a matrix, having a switching device which is 
connected to the gate line and the data line, respectively; and wherein the direction of the first gate 
line is reverse to that of the second gate line. Here, the first gate line and the second gate line may 
be scanned in the opposite directions each other. 

At this time, the number of the first gate line may be the same as that of the second gate line. In 
addition, the first gate line and the second gate line may be scanned simultaneously. 

In the meantime, a Hquid crystal display device according to another feature of the present 
invention comprises: 

a liquid crystal display device panel including a first gate line block including a plurality of first 
gate lines which are formed in a horizontal direction, a second gate line block including a plurahty 
of second gate lines which are formed below the first gate line block, a plurahty of the first and the 
second data lines which intersect the first gate line of the first gate block and the second gate line of 
the second gate block, respectively and divided fi-om each other, and a plurahty of pixels which are 
formed in a region surrounded by the gate lines and data lines and arranged in the form of a matrix 
and having a switching device which is connected to the gate line and the data line, and a common 
electrode to which common voltage is applied; a first and a second data driving parts for appl3dng a 
multilevel voltage for representing image signals to the first data line and the second data line, 
respectively; a first and a second gate driving parts for applying scanning signals sequentially to the 
gate hnes of the first and the second gate line blocks in reverse directions each other; a first fi^ame 
memory for inputting an image signal from the outside, sjTichronizdng with a write clock signal, 
and recording an image signal which is input to the first data line, synchronizing with a read clock 
signal and outputs the recorded image signal to the first data driving part; and a second frame 
memory for inputting an image signal from the outside, synchronizing with a write clock signal, 
and recording an image signal which is input to the second data hne, synchronizing with a read 
clock signal and outputs the recorded image signal to the second data driving part. 

Here, multilevel voltages which apply to a pixel connected to a gate line which is adjacent to the 
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first gate line block in one pixel row may have a polarity opposite to that of the common voltage, 
and multilevel voltages which apply to a pixel connected to a gate line which is adjacent to the 
second gate line block in one pixel row has the polarity opposite to that of the common voltage. 

The first gate driving part may apply a scanning signal to a gate line in the direction toward the first 
gate line fi^om the last gate line sequentially, and the second gate driving part applies a scanning 
signal to a gate hne in the direction toward the last gate line fi-om the first gate line sequentially. 
The first fiume memory may output the recorded image signals to the first data driving part in the 
opposite order in which the image signals which are applied to the first data line are recorded, and 
the second fi^ame memory outputs the recorded image signals to the second data driving part in the 
same order in which the image signals which are applied to the first data line are recorded. 

In addition, the first gate driving part may apply a scanning signal to a gate line in the direction 
toward the last gate line fi-om the first gate line sequentially, and the second gate driving part 
apphes a scanning signal to a gate line in the direction toward the first gate line fi-om the last gate 
line sequentially. The first fi^ame memory may output the recorded image signals to the first data 
driving part in the same order in which the image signals which are appUed to the first data line are 
recorded, and the second fi-ame memory outputs the recorded image signals to the second data 
driving part in the ordre opposite to that the image signals applied to the first data line are recorded. 

In the meantime, a method for driving a liquid crystal display device according to a feature of the 
present invention includes: 

a first gate hne block including a plurality of first gate lines which are formed in a horizontal 
direction, a second gate line block including a pliuraUty of second gate hues which are formed 
below the first gate Une block, a plurahty of the first and the second data Unes which intersect the 
first gate line of the first gate block and the second gate line of the second gate block, respectively 
and divided from each other, a method for driving the liquid crystal display device comprising, 

applying scanning signals to the first gate line of the first gate Une block and the second gate line of 
the second gate line block, sequentially in the opposite directions each other; and applying the 
multilevel voltages to a pixel connected to the gate line to which scanning signals are provided by 
providing multilevel voltages which show the image signals to the first and the second data line, 
respectively. 

Here, the driving method, in the case that a scanning signal is applied to first gate line block fi-om 
the last gate line toward the first gate hne, may fiirther comprises: 

recording an image signal to be applied to the first data Une of the image signals which is input 
fi-om the outside in the first fi-ame memory; recording an image signal to be applied to the second 
data line of the image signals which is input fi^om the outside in the second fi-ame memory; 
outputting the image signal to the first data line in the opposite order that the image signal is 
recorded in the first Same memory; and outputting the image signal to the second data line in the 
same order as the image signal is recorded in the second fiume memory. 

Furthermore, the driving method, in the case that a scanning signal is applied to the first gate line 
block firom the last gate line toward the first gate line, may fiirther comprises: 
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recording an image signal to be applied to the first data line of the image signals which is input 
from the outside in the first fi-ame memory; recording an image signal to be applied to the second 
data line of the image signals which is input from the outside in the second fiume memory; 
outputting the image signal to the first data Une in the same order that the image signal is recorded 
in the first fi:ame memory; and outputting the image signal to the second data line in the opposite 
order to the image signal is recorded in the second fi-ame memory. 

The embodiments of the present invention will become more apparent by describing in detail with 
reference to the attached drawings. 

FIG.3 is a view showing a hquid crystal display device according to a first embodiment of the 
present invention. 

As shown in Fig.3, the liquid crystal display device according to an embodiment of the present 
invention includes a hquid crystal display device panel (100), a upper and a lower data driving part 
(210, 220), a upper and a lower gate driving part (310, 320), a fi-ame memory (400) including a 
upper and a lower frame memory, and a timing controller (500). 

On the hquid crystal display device panel (100) are formed 2m gate lines (Gl, G2, Gm, Gm+1, ... 
G2m) for transmitting gate-on signals and data lines (Dl, D2, ... Dn; CI, C2, ... Cn) for 
transmitting multilevel voltages showing the image signals. The region surroimded by the gate lines 
and the data line constitutes each pixel. As shown in Fig.4, each pixel includes a thin film transistor 
(110) where a gate electrode and a source electrode are connected to a gate hne and a data line, 
respectively, a pixel electrode (120) coimected to the drain electrode of the thin film transistor 
(110), and a common electrode (not shown) to which a common voltage is apphed. Here, 2m gate 
lines are divided into a upper and a lower gate line blocks including m gate lines (Gl, G2, ... Gm) 
and (Gm+1, Gm+2, ... G2m), respectively. In addition, the upper data lines (Dl, D2, ... Dn) 
connected to a pixel corresponding to the gate lines (Gl, G2, ... Gm) in the upper gate line block 
are separated from the lower data lines (CI, C2, ... Cn) coimected to a pixel corresponding to the 
gate lines (Gm+1, Gm+2, ... G2m) in the lower gate line block. In other words, the liquid crystal 
display device panel according to the embodiment of the present invention includes a upper panel 
(140) and a lower panel (150). Here, the upper panel (140) includes a upper gate line block and 
upper data lines (Dl, D2, ... Dn) and the lower panel (150) includes a lower gate line block and 
lower data lines (CI, C2, ... Cn). 

The upper and the lower gate driving part (210, 220) are connected to the upper and the lower gate 
line blocks respectively and apply gate-on voltages to the gate lines in the gate line blocks. At this 
time, according to the embodiment of the present invention, the upper and the lower gate driving 
parts (310, 320) apply gate-on voltages to the gate lines in the opposite scanning directions each 
other, sequentially. In other words, if the upper gate driving part (310) apply gate-on voltages from 
the first gate line (Gl) of the upper gate line block toward mth gate line (Gm), namely, from top 
toward bottom, sequentially, the lower gate driving part (320) apply gate-on voltages from the last 
gate block (G2m) of the lower gate line block toward the first gate line (Gm+1), namely form 
bottom toward top, sequentially. Like this, according to the embodiment of the present invention, if 
the upper gate driving part (3 10) applies gate-on voltages from bottom toward top, sequentially, the 
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lower gate driving part (320) applies gate-on voltages from top toward bottom, sequentially. 

The upper and the lower data driving part (210, 220) are formed on the top and the bottom of the 
liquid crystal display device panel, respectively and connected to the upper and lower frame 
memory (410, 420), respectively and apply multilevel voltages showing image signals to the upper 
data lines (Dl, D2, ... Dn) and the lower data lines (CI, C2, ... Cn), respectively. 

The timing controller (500) accepts an image data signal (DATA), a main block (MCLK), 
horizontal synchronization signal (Hsync), and a vertical sjmchronization signal (Vsync) from the 
outside and provides required timing signals to the fi-ame memory (400), the upper and the lower 
gate driving part (310, 320), and the upper and the lower data driving part (210, 220). 

The upper and the lower frame memory (410, 420) synchronizes a write clock signal (WCLK) 
provided from the timing controller (500) and a read clock signal (RCLK), 1/2 of the frequency of 
the write clock signal (WCLK), and write/read image data signal to be applied to the upper and the 
lower data driving part (210, 220), respectively. 

The operations of the liquid crystal display device according to the first embodiment of the present 
invention will now be described. Figs. 4a and 4b are views showing a tuning of a data by 
synchronizing with a write clock (WCLK) and a read clock (RCLK: RCLK-WCLK/2) and input 
/outputs data to/from the frame memory, respectively. 

First, an image data signal (DATA), a main clock (MCLK), a vertical synchronization signal 
(Vsync) of a frame synchronization signal, and a horizontal synchronization signal (Hsync) of a 
horizontal line (or, a scanning line) are input to the timing controller (500). 

As shown in Fig. 4a, the frame memory records a data by synchronizing with a write clock 
(WCLK) outputting from the timing controller (500). In other words, the image data (dl) to be 
applied in the first pixel row is synchronized with the write clock signal (WCLK) sequentially, and 
recorded in the upper frame memory (410). At this time, the image data (dl, d2, d3, ... dm) to be 
applied to the portion from the first pixel row to the mth pixel row, in other words, to be apphed to 
the pixel row corresponding to the gate lines in the upper gate line block are recorded in the upper 
frame (410). The image data (dm+1) through the image data (dm+2, ... d2m) to be apphed to the 
portion from the pixel row corresponding to the first gate line (Gm+1) in the lower gate line block 
are synchronized with the write clock signal (WCLK) sequentially, and recorded in the lower frame 
memory (420). 

As described above, when the upper and the lower frame memory (410, 420) are recorded by the 
image data to be applied to each pixel row, the image data is synchronized with the read clock 
signal (RCLK) and transmitted to the upper or the lower data drivng part (210, 220) as shown in 
Fig. 4b. At this time, according to the first embodiment of the present invention, the image data is 
transmitted to the upper data driving part (210) in the opposite order to that it is recorded in the 
upper frame memory (410) in other words, dm, dm-1, dm-2, ... d2, dl. The image data to be 
transmitted to the lower data driving part (220) is transmitted to the lower frame momory (420) in 
the same order as that it is recorded. Accordingly, a memory capable of addressing in an order 
opposite to recording should be adapted as a frame memory according to an embodiment of the 
present invention. 
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The image data signal which has been synchronized with the clock (HCLK) and transmitted to the 
upper and the lower data driving (210, 220) part are changed into multilevel voltages, respectively, 
and applied to the upper data lines (Dl, D2, ... DN) and the lower data Unes (CI, C2, ... CM) in the 
unit of line in accordance with LOAD signals which are output from the timing controller (500). 

The upper and the lower gate driving part (310, 320) are synchronized with the start signal (STV) 
and the gate clock (CPU) which are output from the timing controller (500) and apply the scanning 
signals or gate-on voltages to the gate hnes of the upper gate line block and the gate lines of the 
lower gate line block, simultaneously. At this time, according to the embodiment of the present 
invention, the upper driving part (310) apply gate-on voltages from the last gate line (Gm) of the 
upper gate line block toward the first gate line (Gl), namely, from bottom toward top, sequentially, 
and the lower gate driving part (320) apply gate-on voltages from the first gate line (Gm+1) of the 
lower gate line block toward the first gate line (Gm+1), namely form top toward bottom, 
sequentially. 

Then, a thin film transistor connected to the gate line to which the gate-on voltage is apphed is 
turned on and the multilevel voltages provided to the data line are tmsmitted to the pixel electrode 
through the turned on thin film transistor, and a desired image is displayed. 

According to the present invention described as above, it is possible to overcome the problems that 
lines occur in the center of a> display in the conventional liquid crystal display device as described 
below. 

Fig. 5 is a view showing the status of a polarity of a liquid crystal display device panel according to 
the first embodiment of the present invention and the scanning direction of the upper and the lower 
gate driving parts (310, 320), Fig.6 is a view showing a waveform of various signals according to 
the first embodiment of the present invention. 

In Fig.5, (+) and (-) mean that the polarities of a pixel voltage to the common voltages are positive, 
respectively, (-) means that the polarity of a pixel voltage to the common voltages is megative. 
The two neighboring pixels in a first pixel row will be described hereinafter. 

As shown in Fig.6 (A), in an ideal case, a voltage Vpu lower than the common voltage (Vcom) is 
applied to a pixel electrode in the first pixel row which is connected to the last gate line (Gn) of the 
upper gate line block for 1 firame. However, in a real liquid crystal display device, a pixel voltage 
apphed to a real pixel electrode is influenced by the voltage applied to a data line due to a parasite 
capacitor occuring between a pixel electrode and a data line. In other words, as shown in Fig.6 (A), 
multilevel voltage of which polaity to the common voltage is periodically changed are applied to 
the first data line (Dl), so the real voltage (Va) applied to a pixel electrode is shown in Fig.6 (B). 
At this time, the multilevel voltages provided to the data line (Dl) are apphed from bottom to top 
and the polarity of a pixel electrode corresponding to the last gate line (Gn) in the first pixel row is 
negative, as shown in Fig.6 (A), so the polarity is inverted in the order of negative, positive, 
negative, positive and so on. 

Concretely, as shown in Fig.6 (A) and (B), if a pixel voltage (Vpu) having a (-) polarity is applied 
and multilevel voltages having a (+) polarity is provided to a data line, the real pixel voltage (Va) is 
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drawn toward the common voltage by AV comparing to the ideal case (Vpu), due to the influence 
of the parasite capacity (Cp). Contrary to this, if a multilevel voltage having a (+) polarity is 
apphed to a data line, the pixel voltage is drawn toward the common voltage. 

In the meantime, as shown in Fig. 6 (C), in an ideal case, a voltage Vpd higher than the common 
voltage (Vcom) is applied to a pixel electrode in the first pixel row which is connected to the first 
gate line (Gm+1) of the lower gate line block for 1 fi-ame. In addition, a multilevel voltage having 
the different polarity fi-om the multilevel voltage applied to the data line (Dl) is applied to the first 
lower data line (CI). This is because scanning starts form the bottom to top in the upper gate line 
block and scanning starts fi^om top to bottom in the lower gate line block, respectively as shown in 
Fig.5, and the pixel voltage connected to the last gate line (Gn) of the upper gate line block is 
different from that of the first gate line (Gn+1) of the lower gate line block. Accordingly, the 
voltage applied to a real pixel electrode has a waveform shown in Fig. 6 (D) due to the influence of 
a parasite capacitor (Cp). In other words, as shown in Fig.6 (C) and (D), if a pixel voltage (Vpd) 
having a (+) polarity is apphed and a multilevel votage having a (+) polarity is provided to a data 
line, the real pixel voltage (Vb) is drawn toward the opposite to the common voltage by AV 
comparing to the ideal case (Vpd), due to the influence of the parasite capacity. Contrary to this, if 
a multilevel voltage having a (-) polarity is apphed to a data hne, the pixel voltage is drawn toward 
the common voltage by AV. 

Like this, according to the first embodiment of the present invention, in conclusion, the voltage 
provided to the data line influences the pixels in two pixel rows in the boundary in the same 
directions. Accordingly, the difiference of the real voltage which is applied to a pixel and the 
common voltage is shown in the cherkered region in the Fig.6 (B) and (D). Therefore, a sUght 
difiference of the intensity of a hght transmitting the liquid crystal material in the pixel in the 
boimdary results in almost uniform liuninance. Therefore, contrary to the conventional hquid 
crystal display device, the phenomenon that the lined patterns are marked in the boimdary of the 
upper panel and the lower panel does not occur. 

The operation of a hquid crystal display device according to the second embodiment of the present 
invention will now be described. 

Fig.7 is a view showing the status of a polarity of a hquid crystal display device panel according to 
the second embodiment of the present invention and the scanning direction of the upper and the 
lower gate driving parts. Fig. 8 is a view showing a waveform of various signals according to the 
second embodiment of the present invention. 

As shown in Fig.7, the two neighboring pixels in the boundary according to the second 
embodiment of the present invention has one polarity and the other pixels are inverted in the center 
of the pixels in the boimdary, each other The two neighboring pixels in a first pixel row will now 
be described hereinafter 

As shown in Fig. 8 (A), in an ideal case, a voltage Vpu higher than the common voltage (Vcom) is 
appUed to a pixel electrode in the first pixel row which is cormected to the last gate line (Gn) of the 
upper gate line block for 1 fiame. However, in a real liquid crystal display device, a pixel voltage 
apphed to a real pixel electiode is influenced by the voltage applied to a data line due to a parasite 



12 



capacitor (Cp) occuring between a pixel electrode and a data line. 

In other words, as shown in Fig. 8 (A), multilevel voltage of which polaity to the common voltage is 
periodically changed are apphed to the first data line (Dl), so the real voltage (Va) applied to a 
pixel electrode is shown in Fig. 8 (B). At this time, the multilevel voltages provided to the data line 
(Dl) are appUed from bottom to top and the polarity of a pixel electrode corresponding to the last 
gate line (Gn) in the first pixel row is negative, as shown in Fig. 8 (A), so the polarity is inverted in 
the order of negative, positive, negative, positive and so on. 

Concretely, as shown in Fig. 8 (A) and (B), if a pixel voltage (Vpu) having a (+) polarity is appUed 
and multilevel voltages having a (-) polarity is provided to a data line, the real pixel voltage (Va) is 
drawn toward the opposite direction to the coitmion voltage by AV comparing to the ideal case 
(Vpu), due to the influence of the parasite capacity. Contrary to this, if a multilevel voltage having 
a (-) polarity is applied to a data hne, the pixel voltage is drawn toward the common voltage. 

In the meantime, as shown in Fig. 8 (C), in an ideal case, a voltage Vpd higher than the conmion 
voltage (Vcom) is apphed to a pixel electrode in the first pixel row which is connected to the first 
gate hne (Gm+1) of the lower gate line block for 1 frame. In addition, a multilevel voltage having 
the same polarity as that of the multilevel voltage applied to the data Une (Dl) is applied to the first 
lower data line (CI). This is because scanning starts form the bottom to top in the upper gate line 
block and scanning starts from top to bottom in the lower gate line block, respectively as shown in 
Fig. 7, and the pixel voltage connected to the last gate line (Gn) of the upper gate line block is the 
same as that of the first gate line (Gn+1) of the lower gate line block. Accordingly, the voltage 
applied to a real pixel electrode has a waveform , shown in Fig. 8 (D) due to the influence of a 
parasite capacitor (Cp). 

As shown in Fig. 8, according to the second embodiment of the present invention, in conclusion, the 
voltage provided to the data line influences the pixels in two pixel rows in the boundary in the same 
directions. Accordingly, the difference of the real voltage which is apphed to a pixel and the 
common voltage is shown in the cherkered region in the Fig. 8 (B) and (D). Therefore, a shght 
difference of the intensity of a hght transmitting the liquid crystal material in the pixel in the 
boundary results in almost uniform luminance. Therefore, contrary to the conventional hquid 
crystal display device, the phenomenon that the lined patterns are marked in the boundary of the 
upper panel and the lower panel does not occur. 

As described above, a scanning start from bottom to top in the gate line connected to the upper gate 
driving part and a scanning start from top to bottom in the gate line coimected to the lower gate 
driving part in the embodiments of the present invention. 

However, a method for driving a liquid crystal display device includes a method that a scanning 
starts from top to bottom in the gate line connected to the upper gate driving part and a scanning 
starts from bottom to top in the gate line connected to the lower gate driving part as shown in Figs. 
9a and 9b. 

With reference to Figs. 9a and 9b, a method for driving a hquid crystal display device according to 
the third and the fourth embodiments of the present invention will now be described. 
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As shown in Figs. 9a and 9b, a method for driving a hquid crystal display device according to the 
present iaventioo, a scanning in a gate line starts from both ends of the upper and the lower liquid 
crystal display device panel toward the boundary of both panels. In other words, according to a 
method for driving a liquid crystal display device according to the third embodiment of the present 
invention as shown in Fig. 9a, a scanning in a gate line starts from both ends of the upper and the 
lower hquid crystal display device panel toward the boundary of both panels, and two pixels 
adjacent to the boundary are appUed by a pixel voltage of one polarity. 

Like this, in order to drive a gate line in the methods of the third and the foiu-th embodiments of the 
present invention, the upper frame memory (410) of the liquid crystal display device shwon in 
Fig. 3 transmits the image data to the upper data driving part (210) in the same order as that the 
image data is recorded, and the lower frame memory (420) transmits the image data to the lower 
dat driving part (220) in the order opposite to that of recording the image data. In addition, the 
upper and the lower gate driving parts (310, 320) output gate-on signals from the first gate line 
(Gl) of the upper gte line block and the last gate hne (G2n) of the lower gate line block 
sequentially, respectively. The other driving methods are the same as that described above with 
refemce to Fig.3. 

According to the third and the fourth embodiments of the present invention, in conclusion, the 
voltage provided to the data line influences the pixels in two pixel rows in the boundary in the same 
directions like the first and the second embodiments described as above. The detailed description 
about the reasons are omitted because they are easily known to those who skilled in the art. 
Accordingly, a shght difference of the intensity of a hght transmitting the liquid crystal material in 
the pixel in the boimdary results in almost uiuform luminance. Therefore, confrary to the 
conventional liquid crystal display device, the phenomenon that the lined patterns are marked in the 
boundary of the upper panel and the lower panel does not occur. 

Effects of the Invention 

As described above, according to the presentinvention, the scanning direction in a gate line of the 
upper panel is opposite to thae scanning direction in a gate line of the lower panel, thereby, the 
changes of the pixel voltages due to the multilevel voltages do not influence the upper gate panel 
and the lower gate panel. Accordingly, it is possible to prevent a luminance non-uniformity at the 
boundary of the upper panel and the lower panel. 
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(57) What is claimed is: 



Claim 1 

A liquid crystal display device comprising: 

a first and a second gate line blocks including a plurality of first gate lines and a plurality of second 
gate lines for transmitting scanning signals, respectively; 

a plurality of first data lines which intersect the gate lines of the first gate Une block for 
transmitting image signals; 

a plmality of second data lines which are separated from the first data line and mtersect the gate 
lines of the second gate line block; and 

a plurality of pixels which are formed in the region surrounded by the gate lines and data lines and 
arranged in the form of a matrix, having a switching device which is connected to the gate line and 
the data line, respectively; and wherein 

the scanning direction of the first gate line is reverse to that of the second gate line. 
Claim 2 

The liquid crystal display device of claim 1, 

wherein the number of the first gate line is the same as that of the second gate line. 
Claim 3 

The liquid crystal display device of claim 2, 

wherein the first gate line and the second gate line are scanned simultaneously. 
Claim 4 

A liquid crystal display device comprising: 

a liquid crystal display device panel including a first gate line block including a plurality of first 
gate Unes which are formed in a horizontal direction, a second gate hne block including a plurality 
of second gate lines which are formed below the first gate line block, a plurality of the first and the 
second data lines which intersect the first gate line of the first gate block and the second gate line of 
the second gate block, respectively and divided from each other, and a plurality of pixels which are 
formed in the region surrounded by the gate lines and data hnes and arranged in the form of a 
matrix, having a switching device which is connected to the gate line and the data line, and a 
common electrode to which common voltage is applied; 

a first and a second data driving parts for applying the multilevel voltages showing image signals to 
the first data line and the second data line, respectively; 

a first and a second gate driving parts for applying scaiming signals sequentially to the gate lines of 
the first and the second gate line blocks in the opposite directions each other; 

a first frame memory for inputting an image signal from the outside, synchronizing with a write 
clock signal, and recording an image signal which is input to the first data line, synchronizing with 
a read clock signal and outputs the recorded image signal to the first data driving part; and 
a second frame memory for inputting an image signal from the outside, synchronizing with a write 
clock signal, and recording an image signal which is input to the second data line, synchronizing 
with a read clock signal and outputs the recorded image signal to the second data driving part. 
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Claim 5 

The liquid crystal display device of claim 4, 

wherein the number of the first gate line is the same as that of the second gate Une. 
Claim 6 

The liquid crystal display device of claim 5, 

wherein the first gate and the second gate driving parts are appUed by the scanning signals, 
simultaneously. 

Claim? 

The liquid crystal display device of claim 5, 

wherein a multilevel voltage which appUes to a pixel connected to a gate line which is adjacent to 
the first gate line block in one pixel row has an opposite polarity to that of the common voltage, 
and a multilevel voltage which applies to a pixel coimected to a gate line which is adjacent to the 
second gate line block in one pixel row has an opposite polarity to that of the conmion voltage. 

Claim 8 

The liquid crystal display device of claim 7, 

wherein the first gate driving part apphes a scanning signal to a gate line in the direction toward the 
first gate line from the last gate line sequentially, and the second gate driving part applies a 
scanning signal to a gate hne in the direction toward the last gate line from the first gate line 
sequentially. 

Claim 9 

The liquid crystal display device of claim 8, 

wherein the first frame memory outputs the recorded image signals to the first data driving part in 
the opposite order that the image signals which are appUed to the first data line are recorded, and 
the second frame memory outputs the recorded image signals to the second data driving part in the 
same order in which the image signals which are apphed to the first data line are recorded. 

Claim 10 

The liquid crystal display device panel of claim 9, 

wherein the polarity of a common voltage to multilevel voltages applied to a pixel coimected to the 
last gate Une of the first gate line block in one pixel row has an opposite polarity to that of the 
conmion voltage to a multilevel voltage which applies to a pixel coimected to the first gate line of 
the second gate block. 

Claim 11 

The liquid crystal display device panel of claim 9, 

wherein the polarity of a common voltage to a multilevel voltage which apphes to a pixel 
connected to the last gate line of the first gate line block in one pixel row has the same polarity as 
that of the common voltage to a multilevel voltage which applies to a pixel connected to the first 
gate line of the second gate block. 
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Claim 12 

The liquid crystal display device of claim 7, 

wherein the first gate driving part applies a scanning signal to a gate line in the direction toward the 
last gate line from the first gate line sequentially, and the second gate driving part applies a 
scanning signal to a gate line in the direction toward the first gate line fi-om the last gate line 
sequentially. 

Claim 13 

The liquid crystal display device of claim 12, 

wherein the first frame memory outputs the recorded image signals to the first data driving part in 
the same order in which the image signals which are apphed to the first data line are recorded, and 
the second firame memory outputs the recorded image signals to the second data driving part in the 
opposite order in which the image signals which are apphed to the first data line are recorded. 

Claim 14 

The liquid crystal display device panel of claim 13, 

wherein the polarity of a common voltage to a multilevel voltage which appUes to a pixel 
connected to the last gate line of the first gate line block in one pixel row has an opposite polarity 
to that of the common voltage to a multilevel voltage which applies to a pixel connected to the first 
gate hne of the second gate block. 

Claim 15 

The liquid crystal display device panel of claim 13,: 

wherein the polarity of a common voltage to a multilevel voltage which apphes to a pixel 
connected to the last gate hne of the first gate line block in one pixel row has the same polarity as 
that of the common voltage to a multilevel voltage which applies to a pixel connected to the first 
gate hne of the second gate block. 

Claim 16 

In a liquid crystal display device including: a first gate line block including a plurahty of first gate 
lines which are formed in a horizontal direction, a second gate line block including a pliu^ty of 
second gate lines which are formed below the first gate line block, a plurahty of the first and the 
second data lines which intersect the first gate line of the first gate block and the second gate line of 
the second gate block, respectively and divided from each other, a method for driving the liquid 
crystal display device comprising: 

applying scanning signals to the first gate line of the first gate hne block and the second gate line of 
the second gate line block, sequentially in the opposite directions each other; and 

applying the multilevel voltages to a pixel connected to the gate line to which scanning signals are 
provided by providing a multilevel voltage which shows image signals to the furst and the second 
data line, respectively. 

Claim 17 

The method for driving a liquid crystal display device of claim 16, 
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wherein the first gate Une block is apphed by a scanning signal to a gate line in the direction toward 
the first gate line fi-om the last gate line sequentially, and the second gate line block is apphed by a 
scanning signal in the direction toward the last gate line fi-om the first gate line sequentially. 

Claim 18 

The method for driving a hquid crystal display device of claim 17, the method comprising: 

recording an image signal to be apphed to the first data line of the image signals which is input 
firom the outside in the first frame memory; 

recording an image signal to be applied to the second data line of the image signals which is input 
fi-om the outside in the second fi-ame memory; 

outputting the image signal to the first data line in the opposite order that the image signal is 
recorded in the first fi^me memory; and 

outputting the image signal to the second data line in the same order as the image signal is recorded 
in the second fi^ame memory. 

Claim 19 

The method for driving a liquid crystal display device of claim 16, 

wherein the first gate hne block is apphed by a scanning signal to a gate line in the direction toward 
the last gate line fi-om the first gate line sequentially, and the second gate hne block is apphed by a 
scanning signal in the direction toward the first gate line firom the last gate line sequentially. 

Claim 20 

The method for driving a hquid crystal display device of claim 19, the method comprising: 

recording an image signal to be apphed to the first data line of the image signals which is input 
fi-om the outside in the first frame memory; 

recording an image signal to be apphed to the second data line of the image signals which is input 
from the outside in the second firame memory; 

outputting the image signal to the first data line in the same order as that the image signal is 
recorded in the first firame memory; and 

outputting the image signal to the second data line in the order opposite to the image signal is 
recorded in the second fi-ame memory. 
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Figure 



Fig. 1 

21: upper data driving part 
31: upper gate driving part 

Fig. 2 

(c) 1 frame 

Fig. 3 
500: timing controller 
410: upper frame memory 
310: upper gate driving part 
210: upper data driving part 

Fig. 4a 

DATA 1: upper frame memory 

Fig. 5 
t : scanning direction 

Fig. 7 
t : scanning direction 

Fig. 9a 
-I : scanning direction 

Fig. 9b 

X : scanning direction 



22: lower data driving part 
32: lower gate driving part 



420: lower fi^me memory 
320: lower gate driving part 
220: lower data driving part 

DATA2: lower fi-ame memory 
i : scanning direction 

i : scanning direction 

t : scanning direction 

t : scanning direction 
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